Escherichia coli strains that cause nonbloody diarrhea in infants are known to present three distinct patterns of adherence to epithelial cells, namely, localized (LA), diffuse (DA), and aggregative (AA) adherence. Strains with LA (typical Enteropathogenic Escherichia coli [EPEC]) are well recognized as a cause of secretory diarrhea, but the role of strains with DA (DAEC) is controversial, and strains with AA (EAEC) have been more frequently related to persistent diarrhea whereas its relationship with acute diarrhea is not well defined. To determine the relationship of the different types of E. coli adherence patterns with acute diarrhea (lasting less than 14 days) and persistent diarrhea (lasting more than 14 days) in São Paulo, Brazil, we studied stool specimens from 40 infants under 1 year of age with diarrhea and 40 age-matched control infants without any gastrointestinal symptoms. Twenty-eight (35.0%) of eighty cases yielded adherent E. coli (HEp-2 cells). Strains with localized and aggregative adherence were associated with acute and persistent diarrhea. A total of 11.2% of the adherent strains were typical EPEC serotypes and hybridized with the enteroadherence factor probe; 5.0% were EAEC and hybridized with the EAEC probe. DAEC strains were isolated from 10.0% of patients and 7.5% of controls and did not hybridize with the two probes used (daaC and AIDA-I). Strains with a localized adherence-like pattern (atypical EPEC) were found significantly more frequently (P ‫؍‬ 0.028) in cultures from children with diarrhea (17.5%) than in controls (2.5%).
Escherichia coli strains that cause nonbloody diarrhea in infants are known to present three distinct patterns of adherence to epithelial cells: (i) localized adherence (LA), where microcolonies attach to one or two small areas on the cells (HeLa or HEp-2); (ii) diffuse adherence (DA), where bacteria cover the cells uniformly (39) ; and (iii) enteroadherent-aggregative adherence (AA), where the bacteria have a characteristic stacked-brick-like arrangement on the surface of the cells and on the glass slide free from the cells (35) .
The LA pattern is significantly associated with diarrhea production (10, 30) and has been shown to be an important property of enteropathogenic E. coli (EPEC). A 50-to 60-MDa plasmid called the enteroadherence factor (EAF) is necessary for most EPEC strains to exhibit LA on tissue culture cells (2) . A DNA probe to detect the EAF plasmid, called the EAF probe, has been used to identify localized adhering E. coli strains (12, 18, 34) . The LA phenotype is associated with the induction of the attaching and effacing lesions (A/E) (33) . A DNA probe derived from the chromosomal gene called eae (for E. coli attaching and effacing) has been developed and allows detection of EPEC strains (26) .
The pathogenic role of E. coli showing a DA pattern (DAEC) in the etiology of diarrheal disease is controversial (3, 17, 22, 25) . Two DNA probes specific for DAEC strains have been described. Bilge et al. (7) characterized a 14.3-kDa chromosomally encoded adhesin, termed F1845, and developed an intragenic 1-kb DNA probe (the daaC probe). Benz and Schmidt (5) described a plasmid-encoded outer membrane protein of 100 kDa, termed AIDA-I, which is involved in the DA phenotype. A cloned 6-kb DNA fragment from this plasmid, which was shown to be sufficient for the expression of DA phenotype, has been used as a specific DNA probe.
The role of E. coli giving an aggregative pattern of attachment to tissue culture cells (EAEC) in diarrhea has been more frequently related to persistent diarrhea (6, 9) . EAEC strains possess a plasmid of ca. 60 MDa which is necessary for the expression of the aggregative phenotype (44) . A 1-kb fragment from this plasmid has been used as a DNA probe to identify EAEC strains (4) .
Recently, Scaletsky et al. (41) described a new adherence pattern called the localized adherence-like (LAL) pattern. This pattern is characterized by the presence of less-compact microcolonies or clusters of bacteria in a few cells observed only in tests with prolonged incubation periods (6 h). This pattern was observed in EAF-negative EPEC strains and was the same pattern named "poor LA" by Knutton et al. (28) . A consensus definition was achieved at the Second International Symposium on EPEC: A/E, Shiga toxin-negative strains possessing the EAF plasmid would be called "typical EPEC," while such strains that do not possess the EAF plasmid would be called "atypical EPEC" (27) . The mechanism of this adherence pattern is unknown. The role of E. coli showing an LAL pattern as an agent of diarrhea is not established yet (37) .
The purpose of the present study was to investigate the relationship of the different types of E. coli adherence patterns with acute and persistent diarrhea in São Paulo, Brazil.
MATERIALS AND METHODS
Patients. From August 1995 to July 1996, 40 infants less than 12 months of age with diarrhea (28 acute and 12 persistent cases) were consecutively studied. Infants were admitted to São Paulo Hospital for medical treatment. Diarrhea was defined as the excretion of three or more liquid stools during the 24 h before admission with or without vomiting. Acute diarrhea was defined as diarrhea lasting less than 14 days at the moment of admission. Persistent diarrhea was defined as diarrhea of a presumably infectious etiology lasting more than 14 days.
Controls. A control group comprised of 40 asymptomatic infants matched for age was randomly included from the well-baby outpatient clinic of the hospital. Control infants had had no gastrointestinal symptoms for at least 30 days prior to inclusion in the study.
Microbiological studies. E. coli strains were isolated on MacConkey agar. Four separate lactose-fermenting colonies, presumed to be E. coli by colony morphology, and two non-lactose-fermenting colonies of each distinct morphologic type were cultivated in EPM and MILi (43) media for biochemical confirmation of the species or genus. All E. coli colonies were submitted to slide agglutination with polyvalent and monovalent antisera (PROBAC do Brasil, São Paulo, Brazil) against O antigens of EPEC serogroups and enterohemorrhagic E. coli. The serogroups considered were as follows: O26, O55, O86, O111, O114, O119, O125, O126, O127, O128ab, O142, O157, and O158. When two or more colonies of identical serotypes were isolated from the same infant, only one colony was kept. Shigella spp., Salmonella spp., Giardia lamblia, Yersinia enterocolitica, Campylobacter spp., cryptosporidia, and rotaviruses were searched for as described elsewhere (13, 14, 24) . All strains were maintained in nutrient agar slants at room temperature.
Adhesion assay. E. coli colonies were characterized by the pattern of adherence to HEp-2 cells in the presence of D-mannose as assayed by the method described by Scaletsky et al. (39) . Monolayers were examined after 3 h of incubation. When the adherence pattern was negative, a new preparation was made and examined after a 6-h incubation period. Four distinct patterns of adherence were distinguished: LA occurred when the bacteria attached to localized areas of the HEp-2 cells in culture, forming distinct microcolonies after 3 h of incubation (Fig. 1A) ; DA occurred when bacteria adhered to the entire surface of the HEp-2 cells without formation of discrete microcolonies (Fig. 1B) ; AA was distinguished by prominent autoagglutination of the bacterial cells to each other on the surface of the cells, as well as on the glass coverslip free from the HEp-2 cells (Fig. 1C) ; and the LAL pattern, which was observed only in strains incubated for 6 h and was characterized by the formation of microcolonies or clusters less dense and compact than those displayed by typical LA-positive strains (Fig. 1D) .
DNA hybridization. All E. coli strains with the LA, DA, AA, and LAL types of adherence were tested by colony DNA hybridization (32) with EPEC adherence factor EAF, E. coli attaching and effacing gene A encoding intimin (eaeA), DA factors (daaC, AIDA-I), and enteroaggregative E. coli adherence factor (EAEC) probes. The EAF probe was a 1-kb SalI-BamHI fragment from plasmid pMAR2 (34), the eaeA probe was a 1-kb SalI-KpnI fragment from plasmid pCVD434 (26), the daaC probe was a 350-bp PstI fragment of pSLM852 (7), the AIDA-I probe was a 450-bp EcoRI fragment of pIB6 (5), and the EAEC probe was a 1-kb EcoRI-PstI fragment of pCVD432 (4) . These probes were labeled with the BioPrime primer extension kit and detected by using the Blue-Gene system (both from Gibco-BRL, Gaithersburg, Md.). Probe hybridization was performed overnight at 42°C in a hybridization solution containing 45% formamide. After hybridization, filters were washed in 0.16ϫ SSC (1ϫ SSC is 0.15 M NaCl plus 0.015 M sodium citrate)-0.01% sodium dodecyl sulfate solution at 50°C as described by Gicquelais et al. (16) . 
RESULTS
Symptoms, such as vomiting, fever, the presence of blood in the stools, and the degree of dehydration, were recorded, and their frequencies were similar in children with both acute and persistent diarrheas ( Table 1) .
The prevalence of enteropathogenic agents identified in the stool cultures of patients and controls is presented in Table 2 . EPEC was the organism most commonly detected in diarrheal stools, followed by Shigella spp. Salmonella spp., Y. enterocolitica, and Campylobacter spp. were not found. No differences regarding the presence of rotavirus were observed between the diarrheic and control infants. Cryptosporidium spp. and G. lamblia were found only in infants with diarrhea.
Only the E. coli strains isolated from the stools as a single potential enteropathogenic agent were studied. Six isolated colonies of E. coli from 65 cases (390 strains) were tested for adherence to HEp-2 cells. Four E. coli isolates were lost during storage. Thus, a total of 386 E. coli strains were independently assayed for adherence to HEp-2 cells.
Two infants with acute diarrhea had simultaneous infections due to E. coli isolates with different adherence patterns: one patient was infected with LA and AA pattern strains, and one was infected with LA and LAL pattern strains. One infant with persistent diarrhea was infected with AA and DA pattern strains. These three patients were excluded from the analysis of the association with diarrhea.
Twenty-eight (35%) of eighty fecal specimens yielded E. coli adherent to HEp-2 cells. LA was the most frequent pattern among isolates (11.2%), followed by LAL (10.0%), DA (8.7%), and AA (5.0%) ( Table 3) .
Strains with LA were significantly associated with diarrhea (9 of 40 [22.5%] versus 0 of 40 [0.0%]; P ϭ 0.001). The prevalence of these strains was similar in children with acute and children with persistent diarrhea (Table 4 ). E. coli that showed an AA to HEp-2 cells were only identified in stool cultures from children with diarrhea (4 of 40 [10.0%]; P ϭ 0.057). These strains were found both in children with acute and persistent diarrhea. The proportion of strains with DA in culture cells from children with diarrhea was similar to that in children without diarrhea (P ϭ 0.50). Strains with the LAL pattern were found with significantly higher frequency (P ϭ 0.028) in cultures from children with diarrhea (7 of 40 [17.5%]) than in controls (1 of 40 [2.5%]). The number of strains in children with acute diarrhea was similar to that in children with persistent diarrhea. . These serotypes, which (except for OND:H4) belong to the classic serogroups, were detected in patients and in one control. On the other hand, there was no association between classic O serotypes and AA or DA. The AA pattern was associated with serotypes O44:H18, O78:H2, OND:H26, and OND:H16, and the DA pattern was associated with serotypes O158:H4, OND: H2, OND:H7, and OND:HND.
All E. coli strains were tested for hybridization with the eaeA, EAF, EAEC, and DAEC DNA probes (Table 5) .
EPEC was analyzed on the basis of EAF and eaeA probe positives. By using the eaeA DNA probe, which is specific for both atypical and typical EPEC, 62 strains were found to be positive. Further characterization of these strains was achieved by hybridization with the EAF DNA probe. Only 39 of these hybridized with this probe. These typical EPEC strains showed an LA pattern. The other 23 strains that hybridized with the eaeA and were EAF negative showed an LAL pattern.
Detection of EAEC was performed by hybridization with the EAEC DNA probe. All isolates that showed an aggregative phenotype reacted with the EAEC DNA probe.
Two DNA probes, daaC and AIDA-I, were used to detect DAEC isolates. None of the 19 DAEC strains isolated reacted with these probes.
DISCUSSION
This study prospectively examined the association of E. coli HEp-2 adherence patterns with the duration of diarrhea. Several epidemiological studies examining the role of the different enteroadherent E. coli in children with diarrhea have been performed, mostly in developing countries (8, 15, 21) . However, few investigations that have been published on this topic indicated the type and duration of diarrhea caused by these strains (1, 9) .
The present study was conducted in the emergency room of the São Paulo Hospital and was designed to isolate and characterize E. coli HEp-2 adherence patterns in children with acute or persistent diarrhea.
Our results support the evidence from prospective casecontrol studies showing an association between strains with the LA and AA patterns and diarrhea (9, 21) . We also found a strong association between strains with LAL pattern and diarrhea. There was no association between strains with DA and diarrhea.
We have also confirmed that the LA pattern is characteristically associated with classical O serotypes of EPEC and diarrhea. A total of 88.9% of the LA EPEC strains isolated from patients belonged to classic O serogroups. The most common serogroups found in our study were O55 and O119, which are also common in Mexico (9) and Chile (31) . LAL pattern was also found in strains belonging to classical serotypes. This pattern was not observed in tests with two incubation periods (30 min and 3 h). This could explain why some strains of EPEC serogroups isolated from patients with diarrhea did not show any pattern of adherence (40) . On the other hand, EAEC and DAEC strains belonging to classic O serogroups were infrequently isolated. One EAEC strain was O44:H18, a proven pathogen (36, 44) . This strain was isolated from a child with persistent diarrhea.
There were no differences in the clinical presentations of children infected with the different enteroadherent E. coli. Also, the 16 children who did not show any adherence pattern did not differ in their clinical presentations from children who harbored enteroadherent E. coli.
The typical EPEC strain continues to be an important cause of diarrhea in children up to 1 year (29, 38) . In our study, nine strains adhered with an LA pattern and hybridized with the EAF probe. These strains were isolated in patients with acute or persistent diarrhea.
Several outbreaks have implicated atypical EPEC as the causative agent (23, 42, 45) , while other studies have not recovered atypical EPEC more frequently from diarrheal patients than from controls (11, 19, 20, 31) . In the present study these strains showed an LAL pattern and were significantly associated with diarrhea. The mechanism by which E. coli LAL bacteria cause diarrhea is not known yet. These strains present only the eaeA genes and do not possess the EAF factor. However, volunteer-based studies performed by Levine et al. (30) have shown that JPN15 (a plasmid-cured EPEC strain) caused diarrhea but did so less severely than the wild-type strain. Thus, it is possible that atypical EPEC lacking plasmid-encoded determinants also has the ability to cause diarrhea.
Four E. coli strains characterized as EAEC were detected in this study. EAEC strains have been implicated as etiologic agents of infantile diarrhea in developing countries (3, 6, 18) , most commonly among children with persistent diarrhea. In this study, EAEC strains were detected in children with acute or persistent diarrhea. These strains were equally detected by HEp-2 cell adherence pattern and by hybridization with the EAEC probe. Despite the fact that our results did not reach statistical significance (P ϭ 0.058), we believe that this tendency indicates an effective enteropathogenic role of EAEC in diarrhea in our patients.
Recent studies have implicated DAEC strains as an agent of diarrhea (17, 22, 25) , while other studies have not recovered DAEC strains more frequently from patients than from controls (9, 15) . In the present study, there was no correlation between DAEC strains and diarrhea. All seven DAEC strains isolated in this study were defined only phenotypically by determination of their pattern of adherence to HEp-2 cells. These strains did not hybridize with the daaC and AIDA-I probes.
In conclusion, this study reafirms the importance of the typical EPEC as the most prevalent bacterial etiologic agent in infants under 1 year of age in developing countries. Moreover, we could also report a potential new enteropathogenic group of E. coli as a cause of both acute and persistent diarrhea. The 
